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[4^^x41 , ^^SS 
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l^^SSl SSSSil ANT 1 -REFLECTED HIGH EFFICIENCY LIGHT EMITTING DIODE 

DEVICE 
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Oil 2\m sa^M m s^s-ucK cHE-iei 
(ei) 
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0 SI 
0 SI 
621,000 SI 



28 0 
0 S 

0 a 

16 I!- 
659.000 S 

329,500 M 

i.^4i:7ia:'[eSAisg xii2S0ii2igb 



30-3 




1020040018139 



^ 21^* «J=^^l5'l7l ^#, «J:£^l^;='il ^1^1^-11 ^ 

^^Al^ ^«Jr^V ^^Blft cl-oio.^ :ixV<^l ^^l^^S.^ 7m; N 

;^12^^^^;* i^^V^, ^71 ^I2i.*^^ ^^^7V ^t:1^^1 ^ 
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tJ^o]o^^ ^;^HANTI-REFLECTED HIGH EFFICIENCY 

,,,,,, t r ' 

LIGHT EMITTING DIODE DEVICE} 

^ ^olT3^, ^^^}^ -^^tb ^^1 ^ ^J^^^ 7l^A>^^ ol^fl 

^<=>1SS. ^ ^^^^ ^^"^1 ^""^^^ -^V%<^1-J: tt^^^*^ 

1^ tq-o] O.C ^^l-o^ ^TgS. 

E 3^ :£ 2» SI- W-^S -^yll t!:; . 

E 6 xfl^l £ 9^ ^ ^^l^Hl "J^^ xrV-l^^'^l ^^^^ ^^1^1 

E 10a vfl^l S. lOb^ ^ ■^^I'^^l'^l rl-ol^-oll ^^^^ ^ 

Pi Ail 7|1§^^-^S. M-Hl-^ E^a. 
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10 ^^4^^ Al 
20N^^:£^f^ A2 ;^l2i=.#i^ 
30 ^r^df' 60 ^^4^^ 
<i4> 40 P^^S^l^ 70 ^o]^ ^^-%r 

<i5> 50a 80 

<16> 50b ^12^^^-^ 



<io> 



<ii> 



<12> 



<13> 



<17> 



<18> 



rl-ol^- (Light Emitting diode : ^l^V. 'LED'hI- ^7] <:.im:^l 

S.^fl^(N^,P^) ^M-fl 711^11^ «J:£^fl ^fl^^ ^^tt^. 2 711^ «J: 
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<19> 



<20> 



^ o^«.;,^ ^^.^ i,^^ 5.^^ ^i-^ll «J:S^l ^ ^^^S- ^#^>7fl ^ 
rf. AflS^ LEDfe ;^>^^<^l^i ^-^-^^H^ >i^H5^<=Hl^i 2:£»^-§-^V^ 

metal: transparence metal)^ ^^^^>7flsl^, LED7> *-d^(30)ofl^i ^^-S 

c^^o:^ ^^o]7] ^-^-^nm ^^^^ 

(boundary condition)ol -Jr^s)^! ^^^o] ^^^^ ^^^i > ^B^^* 
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<21> 



3^- Vvi^r^. ^^^-^l ^fl^^ ^ 2.2~3.8c:>l7l ^41^ 

<i tfl7l(n = 1.0) ^fe ^J^J#^1<='1^ «=>imA](n ^ 1.5)oll i^* 7>^r^. 

.--i(Sixell)^ ^^<^] ^-"ll^-l '"^'"^^^ "^^^ ^S^^ ^ 

2^-£(^^dl3-%l=7l§)^ '^i^^^ ^^^^ ""^^^^^ ^ 

vfl^S 100% ^^V ^, -Lfl^^^^XTotal Internal Reflection : TIR)^}7ll 
tcl-el-Ai, «:^#(30)^S.^B^ ^-^ IJo^ o^^^ P^«J:£^l^(40)o1 rfl7l 

#(light extraction ef f iciency)^! xi^>£l^ ^3^4. • 
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^71 71^:^ ^^^^}7] ^tb ^ ^^^^ ^"^"^^l '^''l^ 

- ^^V^ 71^.; N^tiJrS^l^; ^^^S^l^lfe P^^J:^^!^' ^^^^ 

c^oH ^tg^ 3ifl-;^ :^^H1 SX'^^I, ^71 

^ ^71 P^^S^l^^ ^A^}'^ ^71 N^^^^l^^ ^^^1 

^^^^^ 4^tb ^'^^ <a^7> ^1^14 ^^^SolrV. 

(GaN)<=>l31. ^71 N^^JS^l*^ ^Sl^(si)cl £3§^ :i^^l-(GaN)<=>l51, % 

^ -^^^] 3Xo\^^, -^71 71^^- -^^^^^J ^^1^ 
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<29> 



<30> 



<31> 



<32> 



<33> 



^ 5E^ "^^^V ^lr€ ^^^^ 71^^^ ^ '^A. 

^ ^^<=>fl ^^.^i. 71^^ ^'^l w>^^§}7im 0.005~3um, 

^rq. iaV^3}^V7im 0.01~0.5iimolJi, ^7] 7]^^ fe'^l^V «>^^^>7ll^ 

0.1~lum, w>^^^>7im 0.2~0.7iim<^lT^. 

0:1 ^ 0.01-2^11, 0.1~m<=^]:iL, 71^^ A€ 

^ol7> ia>^^^>7fl- W q-olo.H.ol> 0.5-10131]. «>^^ 

^ ^^^<^ 9X'^^^, -^71 7l^^ 7fl^mH7> tiV^3!-5>7llfe 1-10000 

7fl/pin', M.^ laV^zj^VTim 50-500711/ 11m' 

^7]^ ^ 1=1-^1-2-:^ ^^V<=fl ^-^^ 

oi^V ^ ^^1^11- ^^^^>7ls 

oil <a74^H ^ -i^^ 7l^:^- ■AV'^<^1 ^^^Vfe ^^1^ ^F^^-l-M ^> 

t^. ^ y]^^^ ^^1^1^ ^^'^i ^^1^ "^"^^^ ^ ^^"^^ ""^^ 
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<34> 



<35> 



<36> 



<37> 



^ 2 ^ s 3^ ^ ^^Hl» ^-€^1-71 ^^i ^^^^ 

mm)^ ^^^^i^ji^. 7m(io)^ ^^^zi-^^-^i ^>3ii-<^H 7moi av^^ ^ ^t^. 

N^^^^:,l^(20)^ ^Bl^(Si)<^l ^^^^(GaN -.gallium nit ride) -2.^ 

^ «i^ol olofl tb^^sl^ oH^q-. %^^^(30)^ ^Sl-^#(GaN). ^^^^ 

^p]^ (AlGaN), :SSl-^^#-J#(InGaN)o1 a]-^^^, ^fl-<^l i^^^ 'S:^^! 

(40)^ iS. el:±iZi5l-55l(photo lithography) ^^i^: ^-^-^H ^^W- ^ 

si^, N^«J::£^l^(20)-fl ;^U^#^(A1)^1 «>^^^>7im. *Ad#(30)3xl- 

p^«^>£^l^(40)^ ^^^H N^«^vs^l^(20)si wm^^Hl 

(Al)ol ttt^. liBl^, ^71 N^«J:£^»(20)^^ S*^l<^1 ^U^ 

^^^(50a)^ ^^^^17171 m^%^ikl)^ tt^ ^A>2|^2.'a= 

^ 7>^1S.^ ft-^^^OO) ^ P^^£^fl^(40)* ^z^-t!:^. 

14^, ;^ll^^;^^(50a)<^l '^^^ ^1^1^ ^llic#Ta(Al) ^ ^12 
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<38> 



<39> 



<40> 



7} x^fl^-^^i ^^^1 nu^^ s.^^ ^^^^ 

(50a.50b)^ ^flS-S^i Ti, Al, Au, Ni . Pt, Pd. Ag, Rh -IM 

^ -. 'oi^li^b, Al, Pt. Cr^ ^-^^^^^^ AV-g-^m ^j:^>^* 

o]^^ ^Bi:^^(50a, 50b)» ^-^^*V7l ^^^^(50a, 50b)<^l ^^^^ 

tfltV ^^^^(50a, 50b)* ^^^tb ^=1- 

*. ^^^^(50a, 50b)^l ^^^^ N^«J:£^fl^(20) ^ P^^Jr^^l^ 

(40)^ ^^<=>11 ^^l^^l ^2:* ^^d^l^a =1-^ ^^^^K <=>! ^-f ^^^^'^'l ^ 

^S. ^^t7l (aligner) "^VtII 
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<42> 



<43> 



<44> 



<45> 



<46> 



o^^fl ^ol rl-Al vfl^S tijAl^H ^JL iq^S.. 1^#5l7l tcfl^oll, iil-<='l^^^ 

^^^^ o]^o^ ^lli^#TS(Al)<=>ll -^€^2:7> ^A^Slo:i ^iq-. 

(50a) -a^^ ^B^^^^ 7}^]S.S., o] 1^^6,1 ojAVt!: ^^S. ^Jr^V^}^ 
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<47> 



<48> 



<49> 



<50> 



^(w)^ ^ 0.005~3iim, tiV^^^VTim 0.01~0.5iimolal, ^7] 7]^^ 

<^y]X\[ Am^^' 371 t^o]o_^ 4.;^H^^ ^^^S^fe 

^ «ci-*^-J-(Xp:peak wavelength)3il- a7l-lr^l, ^(w)-^: 

cl-ol^^o:| ^ «J-#4^J-(Ap)^ ^ 0.01~2«fl. «>^^^>7fl^ 0.1~l«11<='l3l, 

o^. ^71^311- ^£ '^^^^ ^^"^ 

^^1^11, <=^7lAi ^^<^lfe ^^1 371 ^ 

c^7lAl igsel- ^^Tg^^ A^^Sl 7ll4^[7fl/pm^ ]♦ ^^>^ 

tbT=l-. 7ll=^^£fe oi. i~100007ypra' , w>^^^}7im 50-500711/ pm 
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<51> 



<52> 



<53> 



<54> 



7VX171- SX^n, ^^^(Ag, Al, Au. Cr, In, Ir. Ni . Pd, Pb. Pt. Rd. Sn. Ti , W 

^^)^ N^^>S^lf^(20)^ ;^112..#^(A1)4 P^tiJr£^l^(40)<^l 
£^*H "t^lel^-^^^l ^^o^S^CMetal cluster)* ^€ 

t:]-^, as #^><=«^ ^lli-*^(Al) ^ ;^ll^^^^(50a)<^l 

o^Bl* ;^171^V ^ovoi^ xg<:>lBl» ^^-^-^H ^11 

OH^;5i-(50a)^ ^^^^^ ;^lli.#^(Al) ^ ^l2i.#^(A2)<^l ^^1^1 A€ 

fl-^^^lr(Si02. Si3N4)^ r:|-^^^ (porous) ^J^J" 

7-l€7fl ^^^J-^m ^, ^^1 ^^^^^ ^<.>^^S ^ll^^:^^(50a)<^l n^^^ 

>^112r.#^(Al)4 ^12:^#^(A2)^ ICP. RIE «o>^^S ^^^V^ 

^^^^#(Si02, Si3N4)* ^^^^^V^, ^^^(Ag. Al, Au, Cr, In, Ir, 

Ni, Pd, Pb. Pt, Rd. Sn, Ti, W ^^)* ^S^>^ ^^^^^^ 

el^o.^^ -^^Bldetal cluster)* ^, ^^^.^» '='l-^^>'=^ 
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l^^Tg(Ai)4 ;^l2i::#iS(A2)* ^z^CWet ^ Dry)« 9X^- 

7>^ S.'=>^ (^(w): ^1=0. 01-0. OS/rni/ (h) : ^T=0.5^ffli) 
7fl^ TgjE. : ^ 4O~707^ /iM 

Ni. Au(20A~50A)» A>^(a^ In, Au. Ni ^^^^ ^V"^) 
<t^^e|: 550°C~650t;, 60sec~120sec 
ICP SOOsec 



<62> 



<63> 



2.<^^: S.*<3= (^(w): ^0.08-0. IS/an/ fe^^l (h) : ^0.5)tffli) 



<64> 7li^ ^£ : 40-70711 //zra" 

^^3^ Ni, Au(50A-100A)* In, Au, Ni ^^1:^^>^) 

<66> -g^^ls:!: 550°C~650°C, 60sec~120sec 

:^^Aiz:]-: ICP SOOsec 



<67> 
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<68> <^Al<m 3> 7>^ 2.<a= 

S-^a^: 7>fe S-*y= (^(w):^0.01~0.03iMn/ ^o] (h) : 



<69> 



<7o> 7fl=^ "^S. : ^ 4~.87B//mi' 



<71> 



Ni. Au(20A~50A)» a>-§-(^^ In, Au, Ni ^^l"^ ^>^) 
<72> '^^'S]: 500°C~600t:, 20sec~30sec 

<73> ^a-^^^: ICP SOOsec 

S.'y^: S.<^o^ (^(w):^0.08~0.15][m/ ^©Kh) : ^0.3;fln) 

^6> 7ll^ ^£ : 40~7Q7^/m 

Ni, Au(50A~100A)» A>-g-(a^ In, Au, Ni ^V^) 
<78> • 550°C ~650°C , , 60sec~120sec , . , , . , 

:g^^z:|-: ICP 200sec 7.>^ 



<74> 



<75> 



<77> 



<79> 



<80> 



H 10a ^^1 lOb^ ^ ^^^^ ^^HHl ^^^^ ^^l^^l 

7lli^^^S. £^<=>14. i 10a* «J:£^1^(20 , 40)^1- 

ofl ^€^2:7> ^^^^o] oj^j, o] ^1^01^71(80)^ ^^^^ ^^^^ • ^^^^ 

^11^(N2), ^^U^] ^€^2:^(Ng). ^7l^(Nl)^S^^^ ^ ^ ^71^^ ^ 

7l(80) tflAl ofl^Al ^^1(80)5^- 
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<81> 



<82> 



<83> 



<84> 



<85> 



^ 0.01~0.5umol^, ^-Kh)^ 0.2~0.7iim-j^^ -1^ ^ 1^*^ 

^HA.p: peak wavelength)^ 0.1~lflfl^S s]^ ^^c^lr^-. 

-fr^m ^M^V^, -^71 34^^ 7>^ l^oll rfl^flAi^ ^ 

^14 ^€-i^S^(Ng)^ ^^*(ne«)^ «^>£^»(N2)^ #-il:(n3)^l^i ^7l^(N2)^ 

(Ni)^ 7fl^^-^s. :£ lOb^ ^«=>1 M-^'i ^ 

7l m^^-fl ^^m^^l vl]^:^^A>(Total Internal Reflection : TIR)^ ^ 

% stb ^^^^1 ^>iv^^. .^,^:^^.^; ^«^^f^(Ng)-iiAtfe^J:^>7v ^ • 

oiq-:;.! ^71 n^<^} %7] A.€^S.^(Ng)^ ^«J:^> ^(Anti -Re flection 

Layer)^ ^V^fl s)^ ^ol^. 

■^l tfltlr "The optical properties of artificial media 

structured at a subwavelehgth scale" {62-71p "Encyclopedia of Optical 

Engineering" 2003)<H1 7^^}^o\ S,. ^^1^^ "M^^ a^b^^}^;.} ^Vc]-. 
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<89> 



<90> 
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Ai^ 7>;il ;;.H ^ 7l#AHl-3l- oV^flofl 71:^11^ ^^^^^^^ 

^ ^T^^ ^ t^^ ^^<=>11 ^S.^, ^ ^^^S Ju-t-^l ^*^>7fl ^^1 
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^7l ;^lli:-#iS«='fl ^^^^ 

^71 P^«V£^1*^'=^1 ^^^^^ ^^71 P^«J:£^fl#^ -a^7> ^I2i.#^ 

^1-71 'a^^v ^^i^^i A€^s-J ^^^^ ^- 

^7] m^-A^^^ ^1^^^ -A-]^ ^^^^y 

31 

. N^«J:S^1#; P^«J:^^1^; ^^^^ ' ^ 
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^rjr^oi rq-ol^S 4^;^>. 



[^^^ 41 

^o. ^>fe i^o]^^ 4i7.>. 

51 



[^^^ 61 



5 ^^^i, 

7^:^^ ^^^^^ ^^^oj ^7l^^ Sfe 7l^ 

71 

5 ^'H^-l, 
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81 

^^^^ ^cl O.Ol-O.Sumol^., ^<^]7\ 0.2~0.7um<?l ^-i: ^ 

[^^^ 91 

y^^^ ^^^^ s-ol rl-ol^-^l ^ 0.0l~2«1lolJL. 

^o]7> 1^010.^0^ ^ 0.5~10i^rJ ^^^^ ^""1 



101 



111 

^1 5 
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71^^ 7fl^^:£7> i~ioooo7fl/iim'^ ^^^s. oy. 



5 

71-^ ^^^^ 7fl^^£7> 50~5007fl/um' ^ ^ 
[^^% 13] 

^7] 71^^ fl^^ «J:£^fl#-ll ^^^V'^ 

oflA^ <S^^ ^> ^, ^^-^■^>- ^^'^^l ^^fl ^^^^^ 

i::!-^!-^^ ^^}. • 

I^^^J- 141 

13 ^^'^ 91'^^^, 

^^^7} Ag. Al, Au, Cr. In. Ni . Pd, Pt, TiS. ol^ol:^!^ =l^o_ 
151 

13 ^J-^^l 
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^71 ^S7> 90°C 400r«?l ^^^^ ^Vfe Til-ol^- 

161 

■ ' I • t ■ « ' ' ' ' ' ' ' ' ' ' 

, , , , I I f « I « « ' ' * ' ' I ' « ■ t ' ' ' ' 

15 ■%<^] ^^^1, 

.l(selectivity)7> ^^-1^ ^^1 ^-'^ ^^^^ 
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IJ£ 31 
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ISl 51 







(1) (2) (3) (4) (5) ■ (6) (7) (8) (9) (10) (11) (12) 

hf)^\AAnA^^^A 

(13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) 
(24)(25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) 



(36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) 



IS. 61 








I 


























■l0.0kV2.0 lOOOOx 


SE 9.7 




2um 
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IS. 81 




Acc.V SpotMagn Det WD 1 1 500 nm 

110.0 kV 2.0 5Q000X SE 10.4 
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IS. lOal 

80 




20,40 
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IS, lObl 




Dr iving current [mA] 
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